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The work supported by this contract centered around the

following problem areas:

1. Finite Element Methods for flow problems

2. Numerical methods for free boundary problems

3. Finite difference methods for chemically reacting flows

Work on the first problem

The work on flow problems using finite element techniques is

*: contained in references [1], (5], (7], [9], [10], [12], and [13].

The techniques offer many advantages for modelling

practical flow problems. They are well suited to complicated

geometries and irregular grids that can be used without difficulty.

They do, however, have one major drawback. Many of the finite

element spaces which have been successfully used in elliptic

problems have serious instabilities when applied to flow problems.

Because of this, a good deal of attention has been given to

developing criteria for determining when a particular element will

be stable, and then using this to invent new stable elements that

can be conveniently used in practical problems. This is the main

thrust in papers [1], [51, [71, [10], and [131.

Compressible flows offer far more difficulties than

incompressible flows. Indeed, as in shown in [9] there are

many elements which are stable in the incompressible case yet

unstable in the compressible case. It was shown in [9] that

the key is mass conservation, and a number of new mass conserving

elements were introduced which are stable for compressible flows.
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Research on numerical methods for compressible flows has

also dealt with different types of variational principles, and

in particular schemes of the least square type. This is discussed

in [9], while in [12] it is applied to a transonic flow problem.

Work on the second problem

Research has centered here on a new model for free boundary

problems where the phase * of the material is a part of the

model to be computed along with the temperature field T.

Introducing a Helmholtz free energy functional, a nonlinear system

of parabolic partial differential equations can be developed

for * and T. This has been called a phase field model of

free boundary problems. This system involved two parameters

(a diffusion length for *) and T (a relaxation time),

and using singular perturbation expansions one can shuw that the

phase field model is correct as T, t suitably approach 0.

In [81 this model was applied to a number of Stefan type problems

as well as problems having effects due to supercooling.

Work on the third problem

One of the difficult problems in modelling combustion

processes with continuum mechanical models, i.e., partial

differential equations, is that some of the variables may

become multivalued. This occurs when the paths of two or more

particles coincide. In single phase fluid mechanics this is

usually when a shock appears, and the governing partial

differential equations are replaced with appropriate jump conditions.
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In multiphase reacting flow shocks in this sense are not

present, and the continuum variables are simply multivalued.

We treated this type of flow with a new Lagrangian based

finite difference scheme. This was developed in [6] and

successfully applied to selected combustion problems in

[2] and [3].

Km

• . , - .



BIBLIOGRAPHY

Publications Supported by Contract

[1 G. J. Fix, M. D. Gunzburger, and R. A. Nicolaides, "On
mixed finite element methods for first order elliptic
systems," Numerische Mathematik, 37, (1981), pp. 29-48.

[2] S. K. Aggarwal, G. J. Fix, D. N. Lee, and W. Sirignano,
"Numerical computation of fuel-air mixing in a two-phase
axi-symmetric coaxial free jet flow," Advances in
Computer Methods for Partial Differential Equations IV.
Editors, R. Vichnetsky & R. Stepleman, Publ. IMACS,
(1981), pp. 317-323.

" [3] S. K. Aggarwal, G. J. Fix, D. N. Lee, and W. Sirignano,
"Numerical optimization studies of axi-symmetric unsteady
sprays," 1981 Aerospace Sciences Meeting, St. Louis, MO,
January 12-15, (1981).

[4] G. J. Fix, "Numerical simulation of free boundary problems
using phase field methods," The Mathematics of Finite
Elements and Applications IV, Proceedings of a conference
held at Brunel University May, 1981, Ed., J. R. Whiteman,
Academic Press, (1982), pp. 265-279.

[5] G.J. Fix, M. D. Gunzburger, R. A. Nicolaides, and J. S.Peterson, "Mixed finite element methods for acoustics and
flow problems," AIAA 5th Computational Fluid Dynamics
Conference, Palo Alto, California, June 22-23, (1981),
pp. 265-271.

[6] S. K. Aggarwal, G. J. Fix, D. N. Lee, and W. Sirignano,
"Numerical optimization studies of axisymmetric unsteady
sprays," Journal of Computational Physics, 50, No. 1

*[ (1983), pp. 101-115.

[71 G. J. Fix, D. N. Lee, and G. Liang, "Penalty-hybrid
finite element method," Comp. & Maths. with Appls., 8,
No. 5, (1982), pp. 393-399.

[8] G. J. Fix, "Phase field models for free boundary problems,"
Applied Math. Modelling., in press, (1982).

[9] G. J. Fix, "Finite element methods for compressible flows,"
Appeared in the Proceedings of the Fourth International
Symposium on the Finite Element Methods in Flow Problems,
Tokyo, Japan, July 26-29, (1982), pp. 381-385.

110] G. J. Fix, "Finite element methods for flow problems,
Appeared in the Proceedings of the 10th IMACS World
Congress on System Simulation and Scientific Computation,
(1982), pp. 23-29.



[111] H. I. Aaronson, G. J. Fix, F. K. Le Goues, and Y. W. Lee,
"Influence of crystallography upon critical nucleus shape
and nucleation kinetics of FCC - - FCC homogeneous
nucleation," Proceedings of the Int. Conference on
Solid-Solid Phase Transformations, TMS-AIME, Warrendale,
PA, in press, (1982).

[12] C. L. Cox, G. J. Fix, and M. D. Gunzburger, "A least
squares finite element scheme for transonic flow around
harmonically oscillating wings," Journal of Comp. Physics,
to appear, (1983).

[13] G. J. Fix, M. D. Gunzburger, and J. S. Peterson, "On finite
element approximations of problems having inhomogeneous
essential boundary conditions," Computers and Mathematics
with Applications, to appear, (1983).

e e I



PARTICIPATING SCIENTIFIC PERSONNEL

1. Tsu-Fen Chen- Graduate Student
M.S. December 9, 1980
Ph.D. August 1983

2. Eduardo Socolovsky- Graduate Student
M.S. March 16, 1982
Ph.D. Expected June 1984

3. Manil Sur - Graduate Student
M.S. September 1, 1981
Ph.D. August 1983

. . ."



;4t

LM E D.

9 8 3

i -A -D-,T c


